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IhrPRODUCTION 

Research on t h e  developnent of in-situ o i l  sha le  processes has recently accel- 
erated i n t o  a nation-vide program. 
of oil shale deposits v i r t u a l l y  eliminates t h e  envi romenta l  problems posed by t h e  
conventional mining of o i l  sha l e  and the  disposal of resu l t ing  spent materials.  
ever,  t he  in-situ process a l s o  presents a serious d isposa l  problem, namely t h e  co- 
production of vas t  amounts of  process water along v i t h  t h e  o i l  shale.  

This technique of in-place underground r e t o r t i q  

How- 

The composition and proper t ies  of the r e t o r t  water produced usua l ly  depends 
upon t h e  technique and operating conditions employed i n  the  re tor t ing  process as  well 
as  t h e  loca t ion  a d  nature of t he  o i l  shale,  
with considerable quan t i t i e s  of soluble organic ard inorganic materials. The pre- 
sence of carboxylic acids (from ace t i c  t o  capry l ic  ac id)  has been noted e a r l i e r  by 
Cook (1) i n  TOSCO o i l  sha l e  r e t o r t  water; bu t ,  t he  presence of phenols i n  r e t o r t  water 
from the Green River Oil Shales has been doubted f o r  severa l  years (2). 
t o  these acidic organic compounds, subs t i tu ted  benzenes and nitrogen bases a re  present 
since these  too, e x i s t  abundantly i n  shale o i l s  ( 3 , b ) .  
ents contain varylng quan t i t i e s  of organlcs which could ser ious ly  impair t h e  qua l i t y  
of ground water. 
ce r t a in  phenolic and tox ic  components i n  the r e t o r t  water. 

Generally, t h e  r e t o r t  water i s  loaded 

I n  addi t ion  

Untreated r e t o r t  water e f f lu -  

This would pose a health hazard t o  humans due t o  t h e  presenea of 

A number of processes have been suggested f o r  r e t o r t  water treatment, 
objective of t h i s  work is  aimed not a t  a discussion of t h e  pur i f ica t ion  of organic 
components present i n  r e t o r t  waters but ra ther  t o  provide an iden t i f i ca t ion  of t h e  
organic compowis found i n  t h e  benzene soluble f r ac t ion  of r e t o r t  water, inclw3ing 
carboxylic acids,  phenols, nitrogen bases, and subs t i tu ted  benzenes, from gas chrom- 
a t  ography-mas s spectrometry (GC -MS ) data.  

The 

EXPERIMENTAL 

A. Sampling a n i  Extraction Procedures 

or’Colorado region were a l l  co l lec ted  from the  Laramie 10-ton simulated in-s i tu  r e to r t -  
1%‘ process. 
f i l t r a t i o n  through a Nalge 0.2 micron f i l t e r  un i t  f o r  removal of o i l y  
pr ior  t o  sampling. 
were kept urder re f r igera t ion .  
i n t o  a 500 ml lyophi l iz ing  container.  
temperature. 
the solvent Over an 8-10 hour period, 
concentration for G C a  i n j e c t i o n  by evaporating the  benzene solvent u i t h  a purified 

The r e t o r t  water samples formed fromGreen River Oil Shale of e i t h e r  t he  Utah 

A homogeneous representative sample of r e t o r t  water was obtained by 
a r t i c u l a t e  

To avoid b io logica l  ard physical degradative e f f ec t s ,  all samples 
A 200 m l  al iquot of r e t o r t  water was taken a d  p o u d  

T h i s  was then allowed t o  freeze-dry a t  a low 

The ex t r ac t s  were then  adjusted t o  t h e  desired 
The ex t rac t ion  method chosen was S o x h b t  ex t rac t ion  Using benzene as 
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nitrogen stream. 
methanol, followed by subsequent ex t rac t ion  of t h e  e s t e r  by heJane for aMlysi.9. 

B. Gas Chromatograph-Mass Spectrometer A n a l y s i s  

organic compounds. 
mixture i n t o  i t s  various f r ac t ions  on t h e  basis of v o l a t i l i t y .  
composed of consti tuents having s imi lnr  bo i l ing  points,  with t h e  lower boiling com- 
pounds being vaporized and recolded by t he  de tec tor  before ' the  higher boi l ing  
components. 
of operation as  well as t h e  relatively f e w  instruments requirad as  basic appnratus, 
i ts high degree of s e n s i t i v i t y  i n  determining the  composition of t h e  gas e f f luent ,  and 
i ts  capabi l i ty  of producing both qua l i t a t ive  and quant i ta t ive  da ta .  

r e su l t s  a r e  obtained. The combination of a gas chromatograph with a mass spectrameter 
(with the  aid of a computer) allows t h e  de tec t ion  of two or more components belong- 
irg t o  a sillgle gas chromatograph peak. GC-MS works on t h e  pr inc ip le  of e i t h e r  chem- 
i c a l  or el.ectron impact ion iza t ion  of organic compounds. Chemical ion iza t ion  (C1)- 
mass spectrometry involves a much milder ion iza t ion  process than e lec t ron  impact (EI) 
and thus improves t h e  chances of detecting molecular ions f o r  l a b i l e  compounds. The 
mass spec t r a l  da ta  of an unknown compound can be compared against  reference E1 or C I  
spec t ra  t o  aid i n  t h e  iden t i f i ca t ion  of t h e  unknown compound. However. E1  ASS 
spectrometry cannot be used alone s ince  some molecular ions (Mi) produce weak s igna ls  
and therefore go undetected. 
e s t e r s ,  and other l a b l l e  molecules. The absence of these  molecular ions makes the  
in te rpre ta t ion  of unknown mass spec t ra  extremely d i f f i c u l t  if not impossible. 

c. Corditions 

A portion of t he  ex t r ac t  was methylated by eSterlflCPtiOn i n  

Gas chromatography is of ten  employed i n  t h e  annlysis of complex m U u r e s  of 
Through gas chromatography, it is possible t o  separate an organic 

Each f r ac t ion  w i l l  be 

The advantages of t h e  gas chromatograph lie i n  its speed and convenience 

When a mass spectrometer is attached t o  a gas chromatograph, even more spec i f ic  

This is espec ia l ly  t r u e  of some alcohols,  amines, e thers ,  

1. 
2. 
3. 
4. 
5. 
6. 
7. 
8. 
9. 
10. 
11. 

Columns 
Column temp: 60-250s: programmed a t  80/min 
Carrier Gas1 
In jec t ion  temp: 250% 
Ion source pressure: 
Electron energy: 70 eV (120 eV) 
Filament current: 500 microamps 
Ion source temp: 180% 
Scan speed: 2.5 sec 
Mass Range: 34-350 (60-350) 
GC-MS In te r face  tempr 260% 
(The CI conditions,  when d i f f e ren t  from EI, a r e  i n  Parenthesis.) 

3$ OV-17 on 80/100 mesh Cas Chrom Q, 6 f t  x 2 m I D  

Helium (methane) a t  a flow of 18 cc/min 

1.0 x 10-5 t o r r  (1.0 t o r r )  

The GC-MS in te r face  f o r  Ef analysis was a s ing le  stnge g lass  jet separator.  For C I  
analysis,  the  GC column was connected d i r e c t l y  t o  MS ion  source v i a  an i so l a t ion  valve. 
The mass spectrometer used was a Finnigan Model 3300 interfaced t o  n Finnlgan Model 
9500 gas chromatograph. Data col lec t ion  and output was done using a Finnlgan Model 
6000 GC-MS data system. 

RESULTS AND DISCUSSION 

The examination of t he  methylnted benzene-soluble f rac t ion  show t h a t  t he  n o m 1  
carboxylic acids do e x i s t  in r e t o r t  water1 however, these  carboxylic acids represent 
only t h e  minor portion i n  the  methylated fraction. 
two series of these acids presented. 
acid) which could come d i r e c t l y  from the  pyrolysis of re tor t ing .  
carbon rnrmbers above C 6 (palmitic acid) which Ius been found i n  t h e  ori iml  oil 
shale sediment (5). 
ever, t he  C An example of t h e  search f o r  methyl 
palmitate ( E  6) i s  s h m  i n  Figure 2 i n  which a weak penk of m/e 270 i n  EX (e lec t ron  
impact) spectrum can be enlarged and iden t i f i ed  ce r t a in ly  by t h e  chemical i on i sa t ion  
(CI) mass spectrometer. 

As shown i n  Figure 1, t he re  a m  
One has carbon numbers below C i i  (undecnmoic 

Another series b v e  

The even normal carboxylic acids are daninnnt i n  tds series. How- 
t o  C 1 5  acids a r e  e n t i r e l y  abaent. 
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phenols frm shale  oil have been iden t i f i ed  by various inves t iga tors  (3.6). but 
t h e i r  presence i n  t h e  Green River r e t o r t  water was doubtful (2). Figure 3a represents 
the gas chromatographic peak of m / e  94. 
odd-electron 66(M40)t peak accompanied by 65(M-CHO)+ t o  recognize t h e  phenol funtion- 
d i t y  (7)  i n  t h e  r e t o r t  water (Figure 3b). Additionally, c reso ls  have a l so  been fourd 
i n  r e t o r t  waters. 
mount of long-chsin alkanes. 
abundantly i n  sha le  o i l s .  

It w a s  Confirmed by t he  mass S P e c t m  of the 

The mass spectrum of t h e  methylated f r ac t ion  a l so  ind ica te  a t race  
Their presence is not surpr l s ing  s ince  they  e x i s t  

compounds of t h e  C&izn-6 subs t i tu ted  benzene se r i e s  cons is t  of xylenes (C8ff10) 
and ethyltoluene (C9Hi2). 
two types of compounds ind ica tes  a methyl subs t i tuent  with t h e  benzene ring. 
d i t i o n  t o  t h e  above subs t i tu ted  benzene series, biphenyl (C12H10) has a l so  been iden- 
tified i n  t h e  benzene so luble  f r ac t ion  of r e t o r t  water. 
i den t i f i ca t ion  of t h e  parent molecular i on  peak 
biphenyl. 

have been iden t i f i ed  from benzene ex t rac ts  of r e t o r t  waters. f e c e n 8 2  i?:>mpre- 
hensive study on polar  cons t i tuents  of Green River oil shale by Anders e t  a l .  (8) ,  
C n H 2 n - p  has been l i s t e d  among t h e  iden t i f i ed  nitrogen compounds. Figure 5 repre- 
sents he mass spectrum and possible s t ruc tures  of t h i s  compound. (C7H9NO2). 
experinentrl  mass of t h e  fragment ions appearing a t  nominal masses 53, 67, 81, 96, 106, 
110, 111, 121, 124, and !@ 139 a l l  correspond c lose ly  t o  t h a t  reported by Anders et  
al .  ( 8 )  i n  which M-15, M-18, M-28. and M-29 fragment ions ind ica te  a loss of CH , H20, 
CO, and CHO from t h e  parent s t ruc ture .  The mass spectrum of other oxygenated n?trogell 
compounds, CP7N02 (n-methylsuccininide), a r e  shown i n  Figure 6. 
could be derived p a r t l y  from t h e  oxidation products after cleaving t h e  amide C-C b o d  
t o  t h e  C t o  group i n  t h e  original kerogen matrix, and pa r t ly  from t h e  dehydration of 
dicarboxylic acids with amines. The organic su l fu r  compound has a l s o  been seamhed 
by t h e  chemical ion iza t ion  mass spectrometer i n  which t h e  major representative f a l l s  
i n t o  a M+l, mass mber of 128. However, not enough infonnation is avai lab le  t o  
speculate sbout t h i s  s u l f u r  compound, 

The most prominent M-15 ion  peak i n  the  s w c t r a  of these 
I n  ad- 

Figure 4 represents t h e  
154 and t h e  i so la ted  GC peak of 

Two types of oxggen-containing nitrogenous compounds, C HZn- n 2n-3N02, 

The 

These two compounls 

The above preliminary report  cons t i tu tes  t h e  i n i t i a l  inves t iga t ion  of t he  organ- 
I C  
summarized as followsi 
1. 

components i n  r e t o r t  waters, The major r e su l t s  of t h e  inves t iga t ion  can be 

There a re  two series of long-chain normal carboxylic ac ids  ex is t ing  i n  r e t o r t  
waters which could come pa r t ly  from t h e  pyrolysis of r e to r t ing ,  an l  p a r t l y  from 
t h e  or ig ina l  oil sha le  sediment, 

Phenolic compounds have been found i n  the  r e t o r t  water which may be fonned from 
t h e  thermal decomposition unler  re tor t ing  conditions. 

Long-chain n o m 1  alkanes alrl subs t i tu ted  benzenes were iden t i f i ed  i n  r e t o r t  waters, 
s ince  they e x i s t  abundantly in shale oils. 

Spec t ra l  ana lys i s  of n i t rogen  compounds showed t h a t  two types of oxygenated nitro- 
gen components (mle imides  a d  succinimide) can be i den t i f i ed  from the  benzene 

2.  

3. 

4. 

II 
I 

I 

ext rac t  of r e t o r t  waters. Maleimides have been found in t h e  polar  f r ac t ion  of 
Green River oil sha le  (8). 
carboxylic acids and amides will a l l  cause the  formation of these two nitrogen 
compounds. 

The amide oxidation as  w e l l  as the  dehydration between di-  

Further experimerks t o  charac te r ize  and i s o l a t e  r e t o r t  water i n t o  ac id ,  base, 
and neut ra l  f rac t ions  a re  i n  progress. 
t ron  impact and chemical ion iza t ion  MS i n  conjunction with GC of fers  the  inherent ad- 
vantages f o r  t h e  ana lys i s  of t h e  vas t  number of organic camponents i n  r e t o r t  waters. 

The present method of t h e  combination of elec- 
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Fig. 3 .. RETORT URTER ELECTRON If lPRCT 
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